INTRODUCTION
Pain presentations in the head and neck may involve neurologic, vascular, and musculoskeletal structures. These structures influence each other, and their interrelationships are not always clear. Many patients have coexisting chronic head, neck, and face pain because of the nociceptive barrage, central sensitization may account for the referral to distant sites. The close proximity of the trigeminal nucleus and upper cervical afferent pathways may account for the cross-referral from neck to face. As nociceptive inputs become chronic, central neurons are sensitized, reducing the threshold for activation and thereby making the response to afferent stimulation more sensitive, which may cause the receptive field to enlarge. Because of this interrelationship, individualized care to each pathologic system is necessary. Reviews that have studied the association between cervical dysfunction and migraine, as well as between cervical dysfunction and temporomandibular disorders (TMDs), find no clear cause-effect relationship between these disorders. 1, 2 
TEMPOROMANDIBULAR DISORDERS
The relationship between TMD and primary headache is important to understand, as treating one may affect the other (Case 9-1). TMD as a collective term may include a number of different clinical entities, including myogenous and arthrogenous components. Pain in the temporomandibular joint (TMJ) may occur in 10% of the US population, and TMD has been reported in 46 .1% of the US population. 5, 6 Studying the epidemiology of TMD has not allowed the differentiation of headache from facial pain. Very few patients with either clicking or popping or intermittent pain
Case 9-1
A 56-year-old woman presented with jaw, neck, and head ache. Pain was localized to the right temporomandibular joint (TMJ) radiating into the masseter. She described the pain as mostly dull and achy with associated cracking in her jaw joint. At times she had limited mouth opening and had to make her jaw click to open. She described this as locking. The pain worsened as the day progressed and caused headache and neck pain. The pain radiated from the cervical region into the upper shoulder and down the right arm and was associated with a sensation of tingling in her hand. She denied weakness in the upper extremity. The arm pain was described as intermittent, achy, and dull. Headache was described as intermittent with a throbbing quality and with tenderness over the left superficial temporal artery. No associated nausea, vomiting, photophobia, or phonophobia was present. When having a headache, she preferred to be sedentary. She reported that her jaw had made a clicking noise for years, accompanied by pain that worsened with function such as chewing or talking. She also reported a history of migraine with aura occurring 1 to 2 times per year. She used four hydrocodone and diazepam pills daily. Examination showed limited jaw range of motion and pain on palpation over the TMJ. Her neck range of motion was limited, and movement increased the neck pain and often triggered a headache. The superficial temporal artery was very tender to palpation. Brain MRI was normal; MRI of the neck was positive for facet arthropathy; and the temporomandibular MRI showed disk displacement without recapture. Further testing included erythrocyte sedimentation rate and C-reactive protein, which were normal.
The patient was given tizanidine 4 mg at bedtime and advised to increase it to 8 mg after 4 days. The diazepam was stopped, and the narcotic was placed on a time-contingent basis and reduced by one pill every 4 days. An explanation about medication-overuse headache and narcotic-induced hyperalgesia was provided as motivation. Because of the limited range of motion and the presence of disk displacement ( Figure 9-1 ) the patient was sent for arthrocentesis. Immediately after the procedure, she was given anti-inflammatory medication and advised to stretch her jaw according to the exercises she had been taught. The pain rapidly decreased, and a stabilization splint and an exercise program maintained the range of motion.
As the patient's jaw pain improved a series of neck stretches were provided, relieving the generalized neck pain and reducing the headaches. If the neck pain had persisted, facet blocks would have been considered. Comment. Because the patient is older than age 50 and has severe temporal pain with temporal tenderness to palpation, giant cell arteritis FIGURE 9-1 A, Degenerative condyle disk displacement. The upper arrow points to the degenerative condyle, and the lower arrow shows the disk deformed (not bowtie-shaped) and forward of its normal position. B, Open disk, no capture. The arrow shows the disk pushed forward of the condyle. It is not able to relocate itself between the condyle and temporal bone.
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require treatment. It is estimated that 75% of the population has a sign or symptom during their lifetime, but fewer than 5% need therapeutic intervention. Because both headache and TMD are so common, they may be reported as unified or separate entities. The TMJ and associated orofacial structures can be considered as triggering or perpetuating factors for migraine. Ciancaglini and Radaelli 7 report that headache occurs significantly more frequently in patients with TMD symptoms (27.4% versus 15.2%). Ignoring the TMJ, muscles, or other orofacial structures as peripheral triggers of headache will often result in a poor clinical outcome. The trigeminal nerve is the final conduit of face, neck, and head pain. 8 Management of pain in the first division may be influenced by therapy aimed at structures innervated by the second or third trigeminal divisions.
Etiology
Inflammation within the joint accounts for TMD pain, and the dysfunction is caused by a disk-condyle incoordination. The etiology for TMD may include parafunctional behaviors, macrotraumas or microtraumas, changes in the occlusion, and behavioral influences. Treatments aimed at the occlusion and masticatory system have been successful at treating the headache associated with TMD. However, the cause-andeffect relationship remains unknown. Randomized controlled trials in which headache is treated by modifying the occlusion show no scientific support for this treatment. A literature metaanalysis does not support occlusion as a factor in headache etiology. Sensory innervation of the TMJ is mediated through the mandibular division of the trigeminal nerve. Pain-sensitive elements within the TMJ include the joint capsule, the posterior attachment tissues, and the discal ligaments. The posterior attachment is highly innervated, richly vascularized, and frequently implicated in the pathophysiology of joint pain. In contrast, the intraarticular disk is largely devoid of neural or vascular tissue but plays a vital role in maintaining condylar stability during mandibular movement.
Trauma to the TMJ may result in acute capsulitis, but this inflammatory process tends to resolve quickly without complication. Chronic joint disorders are more frequently associated with painful derangement of the TMJ. Articular disk displacement frequently underlies the mechanism of joint derangement, but the etiology is unclear. The remarkable adaptive capacity of the TMJ is well documented. 8 should be considered. Giant cell arteritis (International Classification of Headache Disorders, Second Edition 6.4.1) 3 should be suspected in patients older than 50 years who present with persistent headache centered on one or both temples that worsens with cold temperatures and is associated with jaw claudication. The examination may reveal an enlarged, tender temporal artery. Laboratory investigation should include erythrocyte sedimentation rate and/or C-reactive protein. 4 A temporal artery biopsy may be required to confirm the presence of giant cells. Treatment is usually with corticosteroids and is urgent because blindness secondary to granulomatous occlusion of the vessels may be rapid. This case illustrates the need to be aware that patients with primary headache may be helped by being aware of the role temporomandibular disorders and cervical abnormalities may play in perpetuating or triggering headache.
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and disk displacement and may be affected by age, stress, sex, systemic illness, and previous trauma. However, acute and chronic disk displacement is not always painful.
The TMJ has a bilateral location, with an upper and lower compartment separated by a fibrocartilaginous disk. This diarthrodial structure allows for both rotatory and translational movement of the mandible. Although the TMJ is subject to the same pathologic disorders that affect other synovial joints, it is unique in certain anatomic aspects. Both joints move as a functional unit and are lined by a fibrous connective tissue that is more resistant to degenerative change and has a greater capacity for repair. The masticatory system includes the articulation of the upper and lower dentition that may limit or support joint function and stability. Major components of TMD are joint noise and incoordination of the disk-condyle relationship, which presents as noise in the joint with or without locking or the inability to open with a normal range of motion. This condition is often referred to as an internal derangement. Known as a disk derangement disorder, articular disk displacement is the most common temporomandibular arthropathy and is characterized by an abnormal relationship or misalignment of the articular disk relative to the condyle. 9 It is classified as disk displacement with reduction or disk displacement without reduction ( Table 9 -1 and Table 9 -2).
10
In disk displacement with reduction, during mouth opening, the disk that begins in a misplaced position reduces or improves its structural relationship with the condyle. As it reduces, a sound often described as clicking or popping is heard. When the mouth closes, a second sound called a reciprocal click may be audible as the disk moves off the condyle just before the teeth come together. Usually the closing noise is of less magnitude. Clicking sounds are not necessarily a sign of degeneration or an indication for treatment. More than one-third of an asymptomatic sample can have moderate to severe derangement as seen on imaging, 11 and as many as 25% of clicking joints show normal or slightly displaced disks. Asymptomatic clicking does not require treatment.
A disk displacement without reduction, also referred to as a closed lock, occurs when the out-of-place disk remains out of place during movement of the mandible. This is usually associated with limited range of motion.
Myofascial Pain
Frequently pain associated with TMD is muscular in origin. The most common diagnosis is myofascial pain. Characterized by a regional muscle pain, myofascial pain has been described as dull or achy and is associated with the presence of trigger points in muscles, tendons, or fascia. 13Y17 It is a common cause of persistent regional pain involving the neck, shoulder, head, and orofacial regions. Although the precise etiology of myofascial pain is unclear, it may be associated with stress and oral habits (developmental factors) or poor sleep, postural abnormalities, and depression (perpetuating factors). 18, 19 The major characteristics of myofascial pain include trigger points in muscles and local and referred pain. The trigger points may present clinically as active or latent. When active, digital palpation produces pain referral to a distant site. When latent, local tenderness to palpation may be present, but no distant referral occurs. Myofascial pain is not confined to a single dermatomal, myotomal, or visceral division but may expand beyond these limits. Clinically, the tender points appear in tense muscles in which active or passive stretching produces increased pain associated with decreased motion. Maximal pain is produced when the muscle is contracted against fixed resistance. Clinical examination reveals a nodular or ropelike band under the skin that is associated with the tender points. Palpation may result in a visible movement by the patient called a jumps sign. 20 Moving the fingers over the nodule in a direction opposite to the muscle fiber orientation may elicit a h Frequently pain associated with temporomandibular disorder is muscular in origin. Figure 9 -2 shows the normal anatomy of the TMJ. The TMJ is located anterior to the external auditory meatus and comprises a socket in the temporal bone within which the mandibular condyle functions. The condyle can move in anterior, posterior, and lateral directions. The fibrocartilaginous articular surfaces of the condyle and fossa function against the fibrous interarticular disk, which is attached to the condyle by the medial and lateral collateral ligaments. Posteriorly, the disk attaches to the posterior retrodiscal tissues, which are highly vascularized and richly innervated. This tissue is the source of pain due to inflammation. Anteriorly, the disk attaches to the lateral pterygoid muscle, which serves to bring the condyle forward and lateral. Normal disk position with the mouth closed and the mouth open can be seen in Figure 9 -2. Figure 9 -1 demonstrates disk displacement and failure of the disk to be recaptured in opening. This explains locking. Understanding the pathophysiology is important, as it will alter the treatment.
CERVICOGENIC PAIN
While cervical pain has been described in many primary headaches, some are caused by cervical pathology. The potential for cervical dysfunction to cause headache is recognized under the classification of cervicogenic headache (Table 9-3), and the pain typically manifests within the dermatomes of the trigeminal and upper cervical (C2, C3) nerves. 3 Cervical structures that innervate the trigeminocervical complex or nucleus include the C1-C3 nerve roots and their branches, the occiput-C3 joints, the alar and transverse ligaments, the prevertebral and postvertebral muscles, the trapezius, the sternocleidomastoid muscles, the cervical dura mater, and the vertebral and carotid arteries.
1,22Y24
Epidemiology Estimates of the prevalence of cervicogenic headache range from 0.4% to 2.5% of the general population and increase to 15% to 20% in a population with chronic headache. Cervicogenic headaches affect women more often than men in a 4:1 ratio. The average age of patients with cervicogenic headache is in the forties. 25 Pathogenesis Diseases or dysfunctions of the cervical region may cause pain when the pathology involves pain-sensitive structures that refer in a physiologically based pattern. The local pain-sensitive structures include the facet joints, periosteum, ligaments, muscles, cervical nerve roots and nerves, and the vertebral arteries.
26Y28 Cervical causes of headache include developmental anomalies of the craniovertebral junction and upper cervical spine, tumors, Paget disease, osteomyelitis, rheumatoid arthritis, ankylosing spondylitis, retropharyngeal tendonitis, and cervical dystonias. Cervical spina bifida does not cause headache unless it is associated with other anomalies, such as Chiari malformations. Cervical disk disease is common but is not usually accepted as a cause 32 have suggested that patients with cervicogenic headache report a fairly uniform headache profile, with the implication that the pain emanates from cervical structures. They emphasize that this is not a disease but rather a reaction pattern. The profile they describe includes (1) unilaterality beginning in the neck and radiating to the oculofrontal area, (2) moderate nonthrobbing pain, intermittent or continuous, and provoked by neck movement or sustained awkward postures, (3) nonradicular pattern, (4) reduced range of motion in the cervical spine, (5) predominantly female, (6) history of trauma, and (7) transient relief with cervical block or C2 root block. Other migraineassociated symptoms or autonomic features are not necessary.
32,33
Figure 9-3 depicts the degenerative changes that can be associated with facet joints. Blocking these facet joints and determining the degree of pain relief may be helpful in identifying a local source of pain.
Response to neural blockade does not necessarily exclude the facet joint as a pain contributor.
Nerve Block
Peripheral nerve blocks have long been used in headache management. The most widely used procedure for this purpose has been greater and lesser occipital nerve blocks. The rationale for blocking occipital nerves in headache relates to the convergence of cervical and trigeminal fibers in the trigeminal nucleus caudalis. The region around the nerve is usually infiltrated with a local anesthetic (lidocaine, bupivacaine, or both), and a corticosteroid is sometimes added. Several studies suggest the efficacy of greater and lesser occipital nerve block in the treatment of migraine, cluster headache, and chronic daily headache. However, few of those studies are controlled and blinded. 34 Cervical nerve root blocks have been performed since the late 19th century, and with the improvement of imaging, the procedure has been increasing in popularity over the past decade. 35, 36 Cervical nerve root blocks are used to manage or treat spinal pain, radicular pain, and complex regional pain syndromes. Such blocks are usually performed in outpatient clinics, with or without imaging guidance such as fluoroscopy or CT.
Diagnostic and therapeutic selective nerve root blocks may be useful in the diagnosis of patients with headache and radiculopathy. A reduction in pain after nerve block with local anesthetic may indicate the irritated root is causing the headache. Using local anesthetic selective nerve root blocks, Persson and colleagues 37 concluded that a direct relationship exists between degenerative change causing nerve root compression in the upper and lower cervical spine and headache.
It is common for cervical facet or zygapophyseal joint pathology to contribute to neck pain; therefore, management with intraarticular injections, blocking the medial branches that innervate the joint, or performing medial branch neurolysis may successfully reduce chronic neck pain.
Neural Radiofrequency Procedures
A review of the literature on interventions aimed at the facet shows benefit that may vary in duration. 38 Boswell and colleagues 38 concluded that there was moderate evidence for neurotomy in short-term and long-term outcome, whereas the blocks alone produced little, if any, long-term benefit.
Physical Therapy
Cervical manipulation and mobilization have been evaluated for headache management in several systematic reviews, case series, and controlled studies. Mobilization and manipulation are similar terms that are frequently used interchangeably in the literature. Both terms refer to passive movement techniques used to restore normal motion to a joint. Manipulation occurs when a high velocity thrust is applied at the end range of motion. Mobilization implies passive movement, usually rhythmic in nature, that varies in amplitude but never exceeds the joint's normal motion. 39 A Cochrane Database Review 40 reported high-quality evidence for manipulation in the management of migraine compared with amitriptyline. Generally the literature does not support cervical manipulation for the prevention or acute care of migraine. 41Y43 The mobilization of the upper cervical joint using different techniques seems to be relatively safe and helpful for cervical headache, but the small sample size (10 patients) and length of follow-up (only 4 weeks) are limitations of the study. Great caution should be exercised in providing mobilization, and in particular manipulation, because in rare cases stroke and vertebral artery dissection may occur.
More than 100 cases of serious complications from chiropractic manipulation have been reported, and it can be assumed that a fairly large number of similar complications go unreported. 44 The potential serious complications are increased risk of vertebral artery dissection and approximate sixfold KEY POINT h Great caution should be exercised in providing mobilization, and in particular manipulation, because in rare cases stroke and vertebral artery dissection may occur.
increase in stroke or TIA. It is appropriate to inform patients about these potentially serious complications of cervical chiropractic manipulation.
MANAGEMENT OF TEMPOROMANDIBULAR DISORDERS
The biggest gap in TMD-headache studies is the lack of clear diagnosis. Further, it is uncertain whether the cause of headache can be connected to or correlated with TMD if treating the TMD reduces the headache. It is clear that primary headache is a CNS issue and that treating an existing TMD in the presence of primary headache may reduce the pain intensity and frequency. This, however, should not be misconstrued as cause and effect. The five basic areas considered in TMD therapy are summarized in Table 9 -4.
Patient Education and Self-Care
It is essential to keep in mind that TMDs are self-limiting. Because the TMJ is covered with fibrocartilaginous material, it has the propensity to remodel. In most patients, the disorder will resolve within 7 years. 45, 46 Typically, patients respond to conservative, noninvasive intervention unless nonreducing disk displacements are limiting function. This explanation lessens patient fear of the disorder. Patients should be instructed to avoid chewy foods, especially chewing gum. They can be taught to avoid clenching their jaws during the day, to apply heat or ice, and to perform jawstretching exercises.
Cognitive-Behavioral Interventions
Behavioral modification of maladaptive habits is an important component in the management of TMD. This may be accomplished with simple exercises or with the help of a structured program facilitated by a specialist in behavioral modification. This type of program may include lifestyle counseling, progressive relaxation, biofeedback, and hypnosis. Treatments should be individualized to the patient. 47 Pharmacologic Therapy Pharmacology can promote patient comfort and healing when it is incorporated as part of a comprehensive therapy. For TMD, the most common medications include nonsteroidal anti-inflammatory drugs and muscle relaxants. The use of tricyclic antidepressants, selective serotonin-norepinephrine reuptake inhibitors, and antiepileptic drugs are also important in pain management. 48 
Physical Therapies
Physical therapies include posture training, exercise, joint mobilization, and The goal is to reduce the pain and simultaneously improve the joint movement by altering nociceptive input, reducing inflammation, decreasing coordinating and strengthening muscle activity, and allowing regeneration of tissues. In Case 9-1, physical therapy and appliance therapy were initiated and were recommended because of the locking and arthrocentesis. The patient was asked to continue with her stabilization appliance, and stretching exercises were provided along with the use of a vapocoolant spray to maintain the gains after arthrocentesis.
The type of splint used in TMD is controversial. Fricton and colleagues 49 reviewed 42 studies involving intraoral splints. Generally, in patients with more severe TMDs, splints are beneficial in relieving TMD pain compared with placebo, and stabilization splints are the most effective with the least potential for adverse effects. Because many different splint designs are available, a summary of the conclusions from this review will provide a guideline for splint use.
In severe TMDs, stabilization splints (splints that cover all maxillary or mandibular teeth, do not alter the jaw position, and are worn at night only) reduce TMD pain when compared with nonoccluding splints. Studies of headaches with specific diagnoses are limited, and definitive conclusions cannot be confirmed. When compared to physical medicine techniques, cognitive-behavioral therapies, and acupuncture, stabilization appliances are equivalent. One study claims that splint therapy may be better than pharmacotherapy. 50 Evidence shows that anterior positioning splints (hard splints that cover all the maxillary and mandibular teeth and hold the lower jaw in a forward position) and soft splints (splints that cover all the maxillary and mandibular teeth and hold the lower jaw in a forward position) reduce TMD when compared with placebo.
Anterior positioning splints are equally or more effective than stabilization splints in the management of TMJ clicking and locking. The use of these appliances may lead to occlusal changes, so they should be used with caution.
Compared with stabilization appliances, there is no evidence supporting the use of anterior bite planes, such as the nociceptive trigeminal inhibition reflex device (NTI) (a hard splint that covers only the central incisors on the maxilla and central and lateral incisors on the bottom, holding the mandible forward), in headache. Potential side effects, including swallowing, possible aspiration, tooth movement, and bite change, make this splint undesirable. A comprehensive review of controlled trials by Stapelmann and Turp 51 concluded that the NTI might be useful in TMD and bruxism, but the potential negatives should be carefully considered. Despite the evidence that splint therapy is useful, splints should not be used in isolation but rather as part of an integrated therapy program. 52 Occlusal adjustment was once considered beneficial for TMD; however, no evidence supports its use. A Cochrane Database review 53 and other systematic reviews concluded that evidence is insufficient to support ongoing use of occlusal adjustment as a treatment of TMD.
Miscellaneous physical therapies. Electrotherapy. Electrotherapy is postulated to modify muscle hyperactivity and tissue swelling, change circulation, and reduce trigger point activity. Electrogalvanic stimulation uses a highvoltage, low-amperage, monophasic current of varied frequency. The use of transcutaneous electrical nerve stimulation (TENS) in the head is controversial for the fear of creating epileptogenic effects. TENS uses a low-voltage, lowamperage, biphasic current of varied frequency and is designed primarily for sensory counterstimulation in painful disorders. Little evidence is available for its effectiveness in the head.
Ultrasound. When transmitted through the tissue with a high-frequency oscillating transducer head, ultrasound produces heat that can reach a depth of 5 cm. It is a frequently used physical treatment modality for musculoskeletal problems. When used to deliver medication into the tissue, the process is called phonophoresis, although the mechanism and efficacy of drug delivery are unknown.
Iontophoresis. Iontophoresis is a technique to enhance the transport of drug ions across the skin into the deeper tissue using a weak current. Recent studies question the efficacy of this modality to provide pain relief. Laser treatment. Low-level laser therapy may have biostimulating (biostimulation involves the modification of the environment to stimulate existing tissue capable of bioremediation) and analgesic effects through direct irradiation without causing a thermal response. Several studies investigating the efficacy of laser therapy in TMDs are inconclusive because of poor methodology or small sample size. Further research is needed to support the use of low-level laser therapy in TMD treatment.
Surgery. TMJ surgery is effective for specific articular disorders and may include arthrocentesis, arthroscopy, arthrotomy, and joint replacement. Most patients respond to simple intraarticular irrigation with or without steroids. This procedure is effective in patients with acute closed lock and will likely result in improved range of motion. It can also be used for patients with degenerative arthritides. In patients with disk displacement, arthrocentesis can be helpful.
